Abstract: Water quality of Tons river near Tapkeshwar temple in Dehradun was assessed in terms of their physicochemical parameters. Samples were collected on the monthly basis since January to March, 2011 from three sites viz confluence zone of temple, upstream and downstream river water. Total number of nine samples were analysed and a correlation matrices among parameters was determined. River water was showing alkaline character throughout the study period. pH, alkalinity and chloride were found to be under the acceptable limit of BIS (2009), although turbidity and hardness were exceeding the limits at all three sites but total dissolved solid only on confluence zone and downstream river sites. Water samples from the confluence zone near the temple showed slightly higher concentration of all the parameters than other sites. The present study reveals the slight effects of various religious activities on confluence site of tons river water near the temple which were found to be under the prescribed permissible limits of BIS (2009).
INTRODUCTION
The Himalayan rivers have an important place in Indian culture and tradition. They are lifeline of majority of population in cities, towns and villages and are considered sacred (Semwal and Akolkar, 2006) . Tons river is one of the most major perennial Indian Himalayan rivers originating from Bandar Punch mountain and an important tributary of Yamuna river. This river joins Yamuna at Kalsi in the North Western part of Dehradun valley, which is located 48 km away from Dehradun. In India, lot of religious activities take place all round the year. Most of the temples and ritual places are located near the aquatic resources like pond, lakes and rivers etc. (Ujjania and Multani, 2011) . In many cases, religion and culture are highly inter-twined and it is difficult to state whether a particular activity falls in the religious or cultural domain. The activities in which the river and/or its water plays a central role include taking a dip in the river on auspicious days, shaving the head of infant, cremation, shraddha ceremony etc. Apart from these, pilgrim offer milk, curd, ghee, flowers, coins, idols, ashes of departed ones, body hair and other religious materials into the water. Many a times such offerings are brought in polythene carry bags. In the absence of proper disposable system, the polythene bags are dropped in water or near the sites of water body. These polythene bags and other non-biodegradable materials remain either floating on the water surface or cover the river bed substratum, which is hazardous to aquatic life (CPCB, 2005) .
The Tons river in Dehradun valley is also not untouched with these activities. Several religious activities are going on the bank of river in different temples. Therefore, an attempt has been made to study the water quality of Tons river passing through the Tapkeshwar temple in Dehradun.
MATERIALS AND METHODS
In order to conduct the present study, total numbers of thirty six samples were collected from three sites of Tons river near the Tapkeshwar temple in Dehradun from January to March, 2011. These three sites were designated as upstream (25 m. away before the confluence zone), downstream (25 m. away after the confluence zone) and confluence zone (Fig.1) . The confluence zone is the mixing zone of river and temple discards, elevated at 30 0 21'25.84 " N latitude and 78 0 01'00.45 " E longitude. The water quality was assessed in terms of their physico-chemical parameters like temperature, pH, electrical conductivity, turbidity, total dissolved solid, free CO 2 , alkalinity, hardness, dissolved oxygen, biochemical oxygen demand and chloride referring the standard methods (APHA, 1995) .
RESULTS AND DISCUSSION
The comparative study of upstream river water, confluence zone of temple and downstream river water has shown a significant difference in physico chemical properties. The monthly variation from January to March in water quality parameters are represented in Table 1 and their correlation in Tables 2, 3 and 4. All the Temperature is the most important physical property of surface water which determines its chemical properties.
The temperature of confluence zone water is found comparatively higher than upstream and downstream river water. The rise in water temperature is responsible for increasing the chemical as well as biological reaction in water and reducing solubility of gases (Murugesan et al., 2004) . At upstream site temperature of river water varied between 9.9 0 C to 12. respectively. Maximum temperature was observed on confluence zone site because the energy is added in water during work on confluence zone site by people (Garg, 2006) . According to Fakayode (2005) , the pH of a water body is very important in determination of water quality since it affects other chemical reactions such as solubility and metal toxicity. The pH of river water was showing alkaline character throughout the study period at all three sites. The pH of river water at upstream site varied between 7.2 to 8.5 at confluence zone 7.1 to 8.2 and at downstream site 7.2 to 8.2 with an average of 7.87+0.65, 7.67+0.55 and 7.63+0.51 respectively. pH is found to be negatively correlated with temperature and other parameters and positively correlated with DO River water shows alkaline pH throughout the study period, slightly decrease on confluence zone was observed due to addition and its decomposition of organic waste. have also stated that the rivers Uttarakhand exhibit alkaline pH during the physical, chemical and bacteriological (Sayed and Gupta, 2010) . At the site of upstream river, water showed a minimum value of electrical conductivity as 0.32 mmhos/cm and a maximum value as 0.49 mmhos/ cm with an average value of 0.38+0.10 mmhos/cm, at the site of confluence zone minimum was 0.33 mmhos/cm, maximum was 0.69 mmhos/cm with average value of 0.46+0.20 mmhos/cm and at the site of downstream river water minimum and maximum value of electrical conductivity was recorded as 0.33 mmhos/cm and 0.58 mmhos/cm respectively with average value of 0.42+0.14 mmhos/cm. Electrical conductivity was observed as highest on confluence zone due to higher temperature at this site because on increasing the temperature the ionization increases. Sayed and Gupta,(2010) have stated that electrical conductivity depends and increases with increase in ionic strength of water. Electrical conductivity is positively correlated with all parameters except pH and DO. Water transparency is an important factor that controls the energy relationship at different trophic levels. It is essentially a function of reflection of light from the surface and is influenced by the absorption characteristics of both water and its dissolved and particulate matter (Stepane et al., 1959) . The turbidity of water is inversely proportional to transparency. The turbidity of river water at upstream site was 8.92 NTU as minimum and 12.92 NTU as maximum with an average of 11.40+2.17 NTU, on confluence zone minimum was 12.04 NTU and maximum was 19.63 NTU with an average of 16.22+3.85 NTU, at downstream site 9.9 NTU as minimum and 16.09 NTU as maximum was recorded with an average of 13.50+3.21 NTU. Turbidity of river water was found maximum on confluence zone in comparison to other sites. Turbidity and TDS were also found positively correlated with all other parameters except pH and DO. TDS values indicate the general nature of water quality and are usually related to conductivity. Water containing more than 500 mg/l of TDS is not considered desirable for drinking water supplies, though more highly mineralized water may be used where better quality water is not available (Jain, 2002) . TDS of river water at upstream was varied between 120 mg/l to 720 mg/l, at confluence zone 440 mg/l to 945 mg/l and at downstream it was 440 mg/l to 890 mg/l with average value of 425.33+300.14 mg/ l, 628.33+275.88 mg/l and 730.00+251.59 mg/l respectively. Maximum value of TDS was observed on confluence zone and it was found to be positively correlated with temperature. The free CO 2 released by microbial activity is important for algal growth, as it is required for the photosynthesis (Ujjania and Multani, 2011) . Free CO 2 in river water at upstream site was varied between 2.5 mg/l to 5.4 mg/l, on confluence zone 4.5 mg/l to 9.7 mg/l and at downstream it was 3.2 mg/l to 7.3 mg/l with average value of 4.27+1.55 mg/l, 7.73+2.82 mg/l and 5.70+2.19 mg/l respectively. An increase in free CO 2 on confluence zone may be due to entry of organic and biodegradable waste pilgrims and their microbial decomposition that utilize oxygen for their respiration and release of CO 2 in turn. Similar observation was also revealed by Bhatnagar and Sangwan, 2009 . Free CO 2 was positively correlated with temperature and negatively correlated with DO. Total alkalinity is due to salts of weak acids and bicarbonates to highly alkaline water are unportable (Mahadev et al., 2010) . High values of total alkalinity may be attributed to the increase in organic decomposition during which CO 2 is liberated (Bharathi and Hosmani 1973) . Alkalinity of river water at upstream site was recorded as 176.67+25.17 mg/l with minimum value of 150 mg/l and maximum value of 200 mg/l, on confluence zone 194.00+36.17 mg/l with minimum as 160 mg/l and maximum as 232 mg/l and at downstream it was 176.67+30.55 mg/l with minimum value of 150 mg/l and maximum of 210 mg/l. Total hardness of water is due to the presence of bicarbonate, sulphate, chloride, and nitrates of Ca and Mg . Total Hardness of river water at upstream site was recorded as 515.00+110.34 mg/l with minimum value of 400 mg/l and maximum value of 620 mg/l, on confluence zone 552.33+89.75 mg/l with minimum as 470 mg/l and maximum as 648 mg/l and at downstream it was 514.00+106.15 mg/l with minimum value of 400 mg/l and maximum of 610 mg/l. Total alkalinity and hardness were observed to be slightly increased on confluence zone dipping and dumping of substances through religious activity. Similar observation was also found by Bhatnagar and Sangwan, (2009) ; during the study of Brahmsarovar water quality in Kurukshetra. In the present study, alkalinity was found to be positively correlated with temperature. DO is generally reduced in the water due to respiration of biota, decomposition of organic matter, rise in temperature, oxygen demanding wastes and inorganic reductant such as hydrogen sulphide, ammonia, nitrites, ferrous iron, etc. (Sahu et al., 2000) . DO of river water at upstream site was recorded as 10.36+2.10 mg/l with minimum value of 9.1 mg/l and maximum value of 12.78 mg/l, on confluence zone 8.68+1.99 mg/l with minimum as 7.20 mg/l and maximum as 10.94 mg/l and at downstream it was 8.17+0.55 mg/l with minimum value of 7.6 mg/l and maximum of 8.7 mg/l. DO showed reverse pattern on increasing the temperature because lower atmosphere hold less concentration of oxygen on increasing the temperature. Hence it was negatively correlated with Whereas E.C. = Electrical conductivity, TDS= Total dissolved solid, DO= Dissolved oxygen, BOD= Biochemical oxygen demand Table 2 . Correlation matrix among the physico chemical parameters of Tons river at upstream site.
Whereas E.C. = Electrical conductivity, TDS= Total dissolved solid, DO= Dissolved oxygen, BOD= Biochemical oxygen demand Table 3 . Correlation matrix among the physico chemical parameters of Tons river at downstream site.
temperature and other parameters except pH. Similar observation have also been found in the study of Khanna et al. (2010) who revealed the water quality characteristics of river Tons along the district Dehradun, Uttarakhand India. BOD is a measure of the oxygen in the water that is required by the aerobic organisms. The biodegradation of organic materials exerts oxygen tension in the water and increases the biochemical oxygen demand (Abidaand Harikrishna, 2008) . Biochemical Oxygen Demand of river water at upstream site was recorded as 2.90+0.56 mg/l with minimum value of 2.40 mg/l and maximum value of 3.50 mg/l, on confluence zone 3.70+0.98 mg/l with minimum as 2.60 mg/l and maximum as 4.50 mg/ l and at downstream it was 3.03+0.80 mg/l with minimum value of 2.20 mg/l and maximum of 3.80 mg/l. Chloride concentration in water indicates the presence of organic waste in water, primarily of animal origin (Thresh et al., 1949) . Chloride of river water at upstream site was recorded as 71.58+5.50 mg/l with minimum value of 65.55 mg/l and maximum value of 76.32 mg/l, on confluence zone 91.25+6.60 mg/l with minimum as 84.32 mg/l and maximum as 97.45 mg/l and at downstream it was 84.90+8.47 mg/l with minimum value of 75.31 mg/l and maximum of 91.39 mg/l.BOD and chloride was found maximum on confluence zone due to addition of organic waste. Both were positively correlated with temperature because on increasing temperature microbial activity and ionization increases resulting in increased concentration of BOD and chloride. Bhatnagar and Sangwan, 2009 ; had also reported that bathing and addition of ash increases chloride content of Brahmsarovar water in Kurukshetra
Conclusion
The present study revealed that the Tons river water is unpolluted near the Tapkeshwar temple because the physico chemical parameters analysed during the present assessment were found to be under the acceptable limits of BIS (2009) although hardness was slightly more than the acceptable limit at all three some sites and TDS on only confluence zone and downstream sites but found to be under the permissible limits. Only turbidity was found to be exceeding both the acceptable and permissible limits of BIS (2009). The river water was found to be alkaline throughout the study period. However, at confluence zone, water samples showed higher concentration of all parameters in comparison to other sampling sites.
